The Intermediate Mass Fragments emission probability from Projectile-Like Fragment break-up in semi-peripheral reactions has been measured in collisions of 124 Xe projectiles with two different targets of 64 Ni and 64 Zn at the laboratory energy of 35 A MeV. The two colliding systems differ only for the target atomic number Z and, consequently, for the Isospin N/Z ratio. An enhancement of Intermediate Mass Fragments production for the neutron rich 64 Ni target, with respect to the 64 Zn, is found. In the case of one Intermediate Mass Fragment emission, the contributions of the dynamical and statistical emissions have been evaluated, showing that the increase of the effect above is due to an enhancement of the dynamical emission probability, especially for heavy IMFs (Z 7). This proves an influence of the target Isospin on inducing the dynamical fragment production from Projectile-Like Fragment break-up. In addition, a comparison of the Xe+Ni,Zn results with the previously studied 112,124 Sn+ 58,64 N i systems is discussed in order to investigate the influence of the projectile Isospin alone and to disentangle between Isospin effects against systemsize effects on the emission probability. These comparisons suggest that the prompt-dynamical emission is mainly ruled by the N/Z content of, both, projectile and target; for the cases here investigated, the influence of the system size on the dynamical emission probability can be excluded.
I. INTRODUCTION
In Heavy-Ion collisions at Fermi energies the production of Light Particles and Intermediate Mass Fragments (IMFs), here defined as fragments with atomic number Z ≥ 3, is due to different reaction mechanisms related to different time scales [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . This was seen in semi-peripheral collisions where coexistence of light IMFs emission from prompt neckfragmentation process [1, 2, 4-6, 9, 10] , projectile-like fragments (PLF*) collinear massive break-up [3, 5, 7, 8, 13, 14] and equilibrated PLF* binary fission-like emission [7, 10, 13, 14] has been reported within the same range of large relative impact parameters. Thus, within a narrow range of initial kinematical nucleus-nucleus conditions of relative energy and angular momenta, the competition among different mechanisms having a large difference in the time scale, from prompt IMFs emissions (dozens of fm/c) to equilibrated decay (≫ 300f m/c), has been observed. This stimulates for further investigations in order to elucidate the roles played by the initial properties of the systems, the Isospin (N/Z) degree of freedom or the system size, in triggering the above mentioned reaction mechanisms, thus affecting their probability of occurence. These studies, investigating how the reaction mechanism path depends on basic nuclear properties, such as the Isospin content, are also important in order to shed lights on the effective in-medium interaction [15] [16] [17] [18] .
Aim of this work is to show a physics case in which the Isospin degree of freedom plays a characteristic role in influencing the reaction path, affecting the occurrence of dynamical processes.
In fact, in a previous work [14] , we studied the massive IMFs emission in semi-peripheral collisions of neutron rich 124 Sn+ 64 Ni and neutron poor 112 Sn+ 58 Ni systems at the beam energy of 35 A MeV (REVERSE experiment). The Dynamical (prompt) IMFs emission was proved to be more probable for the neutron rich system. In that work emphasis was given to events with emission of only one IMF, representing the largest fraction (∼ 60%) of the IMFs multiplicity distribution. As main results, we found that the IMFs statistical-equilibrated binary fission-like emission was equally probable for the two systems, while the dynamical splitting was favored in the case of the neutron rich system, especially for IMFs heavier than Z=7. Since the atomic numbers are equal (for both projectile and target) in the two Sn+Ni systems, the enhancement of the dynamical emission in the neutron rich system was mainly ascribed to the different N/Z ratio, indicating an entrance channel Isospin effect, even if, at that stage, a possible influence of the mass difference (A=188 vs A=170) could not be excluded.
In order to disentangle genuine entrance channel Isospin effects from the possible dependence on the size of the two systems, we carried out a new experiment, as it was mentioned in Ref. [14] , named "Inverse Kinematic Isobaric Systems", using the [24] . This resulted in covering of some CHIMERA telescopes.
FARCOS data analysis is not included in this paper and will be published separately [22, 25] .
III. DATA ANALYSIS AND RESULTS
In order to disentangle dynamical and statistical emissions and evaluate their probabilities, we have applied the analysis method already used in [14] and there fully described.
Briefly, for both systems, we select semi-peripheral collisions by applying a contour gate in the Z − V par two-dimensional plot of detected fragments, where Z and V par represent, respectively, atomic number and parallel velocity component to the beam axis. The Z − V par correlation plots of selected PLFs, i.e., the heavy remnant of primary PLF* break-up or evaporation [26] , are shown in the two panels of Fig for the Zn and Ni targets. The similarity between the two plots proves that the calibration and identification procedures have not introduced differences in the data collected for the two different targets.
The TLF* products were strongly suppressed by selecting only IMFs having a parallel velocity greater than 3 cm/ns. The IMF multiplicity distribution originated from the PLF*, under such a selection, is shown in Fig. 3 ; there the IMF multiplicity distribution previ-ously measured for the two 124,112 Sn + 64,58 Ni systems is also reported. The new data have been corrected for the efficiency of the experimental apparatus (for θ lab > 1.8 • ), including the small losses due to the FARCOS prototype coverage. However, we have not applied any correction for the missing coverage at smaller θ lab region, since we have verified that the resulting estimation of the lost efficiency will be drastically dependent on the input scheme/model used to estimate it. Evidently, it means that a part of very peripheral and low-dissipative events, with the PLF* only slightly deflected from the beam direction, have not been included in this analysis. Consequently, the previous REVERSE Sn+Ni data [14] shown in this paper have been filtered, and corrected for the detection efficiency, in the same way as the Xe+Ni,Zn ones.
As a first observation, by comparing the results obtained with Xe projectiles, we find an enhancement of IMFs emission probability in the case of the Ni neutron rich target. This means that, for isobaric targets, the IMFs emission probability from PLF* fragmentation is enhanced by a small increase of the target N/Z content, i.e., 2 neutrons are replaced by 2 protons. In [14] we already investigated that effect for the two Sn+Ni systems, finding an higher IMFs emission probability for the neutron rich 124 Sn + 64 Ni system, also reported in Fig. 3 . There we clearly showed that this enhancement was essentially due to an increase of the dynamical IMFs emission alone, beyond the simple expectation of an higher IMFs emission in the neutron rich systems. As shown below, also in the case of Xe+Zn,Ni systems the enhancement of IMFs emission for the neutron rich target can be ascribed to an increase of the dynamical emission. In the class of semi-peripheral collisions investigated in this work, the energy/mass and angular-momentum transfers, taking place during interaction and re-separation phases, play a decisive role in driving the PLF* fate [5, 16, 27] . In fact, the dynamical emission, from PLF* in this case, is essentially due or to bulk instabilities at low densities (neck-emission) taking place in the early phase of the re-separation, or to shape instabilities (dynamical fission or aligned break-up) leading the PLF* to a fast nonequilibrated fragmentation [5, 27, 28] . It follows that these instabilities are more easily triggered in the case of interaction of projectile with a neutron rich target. This observation highlights the importance of the target N/Z content alone in such early dynamical phases.
Furthermore, notice that by comparing the results with 64 Ni target and 124 Sn-124 Xe projectiles, an enhancement of IMFs emission probability from PLF* fragmentation in the case of the 124 Sn neutron rich projectile is also found. This effect is in agreement with the 6 expectation of an enhancement of IMFs production in the case of a neutron rich system; however, as we will show below, this can be also connected to an increase of the dynamical emission probability in the case of a neutron rich projectile, thus, envisaging also the role of the projectile N/Z content on the development of instabilities in the above mentioned early-dynamical phases.
In order to corroborate the results here described and to shed lights on how they depends on properties of the many body microscopic interaction, simulations with dynamical transport models able to careful describe the complex processes of the projectile-target interaction and re-separation phases and to follow the full time scale path (from dynamical to equilibrated emission) of the excited PLF*, practically, up to about 1000 fm/c, are needed. Different transport models [5, 16, 27] are available for the simulation of the early dynamic phase but, unfortunately, they tend to be unstable beyond that phase or fail when trying to reproduce the full dynamical evolution of the PLF*, especially when the whole IMF mass spectrum (up to heavier IMFs) is needed, as it is the case discussed in this work. Overcoming of these problems of simulations will allow to clearly improve the effectiveness of studies like the one here reported.
By looking at the probability of IMF multiplicity=0 (reactions leading to PLF-TLF pair accompanied in coincidence by only few LCPs in the final state) a bigger differences is found when changing the target (from Ni to Zn) than when changing the projectile (from Xe to Sn): this suggests that, in the cases here investigate, that is a heavy projectile on a lighter target, the IMF emission probability shows a greater sensitivity on the target N/Z content rather than on the projectile one.
Then we have selected the IMF multiplicity=1 and we have evaluated the dynamical and statistical IMFs emission from PLF* source by applying the same criterion of Ref. [14] .
To better select PLF* emission (after excluding TLF* products slower than 3 cm/ns), the PLF and IMF relative velocity was limited by the constraint V rel (P LF, IMF )/V V iola ≤ 1.5
, where V V iola represents the mutual PLF-IMF Coulomb repulsion in a sequential P LF * → P LF + IMF decay as evaluated by using the Viola systematics [29] .
For PLF-IMF pair satisfying this latter condition, the cos(θ prox ) distributions were evaluated, as a function of the Z of the IMFs; θ prox is the angle between the breakup axis, oriented from the light (IMF) to the heavy (PLF) fragment of the primary PLF* break-up, and the recoil velocity in the center of mass reference of the PLF*, reconstructed by the masses and velocity vectors the two PLF-IMF fragments (see [13] for definition). The weight of the dynamical and statistical components in the cos(θ prox ) distribution, disentangled using the method described in [14] , was simply evaluated (see, also, inset and caption of Fig. 4 ).
We think useful to point out at the similarity and difference of this method with the one used in Ref. [11, 12] (and other works of that collaboration), where dynamical IMFs emission has also been careful investigated. Indeed, both methods are based on the analysis of the PLF* break-up angular distributions; while in the works of Ref. [12] the attention is focused on the relation between the emission angle and the N/Z of the break-up products, investigating the time scale of the neutron-proton equilibration, as we partially did in ref. [9] , in the present work and in [14] the angular distributions, for each Z, are used to quantitatively estimate the probabilities of dynamical and statistical emission. Hence, this is the main observable we are discussing.
The ratio of the dynamical component to the total (dynamical+statistical) contribution is shown in Fig. 4 , as a function of the atomic number Z of the IMFs. In the figure, also the ratio for the two 124,112 Sn + 64,58 Ni systems is reported. By looking at the systems with Xe projectile, we can see an enhancement of dynamical emission for heavier IMFs having Z 7 for the neutron rich Ni target. This means that, for isobaric targets, the IMFs dynamical emission probability from PLF* binary break-up is enhanced by the increase of the target N/Z content. Also, by comparing the results of heavier IMFs when using the 64 Ni target, an enhancement of dynamical emission probability in the case of the 124 Sn neutron rich projectile is found. Also in this case, as in the discussion of results of Fig. 3 , within the experimental accuracy, a bigger increase of the dynamical emission probability is found when switching to a neutron rich target (from Zn to Ni) than when increasing the projectile N/Z (from Xe to Sn): it can be inferred that the dynamical IMF emission probability, in this case of a heavy projectile on a lighter target, shows a greater sensitivity on the target N/Z content rather than on the projectile one. From the results of the 3 isobaric systems, it follows that dynamical IMFs emission probability grows with the N/Z content of, both, target and projectile. Clearly, this agrees with the results for the two Sn+Ni systems, already seen in [14] , where Isospin content of both projectile and target changes; however this couple of systems, having the same coulomb effects, allowed us to suggest, in the previous mentioned work [14] , that the observed differences in dynamical
IMFs emission probability had to be triggered by size or Isospin difference; now, the present analysis on isobaric systems excludes, within the experimental accuracy, any size effect.
It is important to notice and highlight that in [14] we were able to extract the cross section associated to dynamical and statistical emission for the two Sn+Ni systems. By comparing that (see Fig. 4 of Ref. [14] ), it resulted that while the ratio of the statistical cross sections stays approximately constant, as a function of Z, at a value of about 1.1, the ratio of the dynamical cross sections steady increases with increasing Z of the IMF, from about 1.3 for light IMFs to about 2.0 for the heaviest IMFs. This quantitative evaluation allowed us to say that the enhanced IMFs emission, observed increasing the N/Z content, was essentially due to an increase of the dynamical emission contribution.
We can also notice that, for the lighter IMFs (Z 6) no appreciable difference is found among the studied systems. In contrast with the heavier fragments, dynamically produced in a binary-like PLF* splitting, light IMFs are produced by the fragmentation of a transient short-living (∼ 10 − 100f m/c) low density neck-region, reminiscent of the partial overlap between the projectile and target [2, 10] . Density dependence of the clustering process in the very early phase of the collision was found consistent with transport simulations [9, 10] .
The observed difference between Xe and Sn projectile for lithium fragment is due essentially to the fact that, in the new data, a slightly higher triggering threshold in the energy released in the silicon detector (∆E energy loss) was set, resulting in loss of the fast Z=3 fragments.
At this point, we consider useful to quantitatively investigate the correlation between the observed Dynamical emission probability and the N/Z content. For that, we have plotted the weighted mean of the Dynamical emission probability for 6 ≤ Z ≤ 18, as extracted that dynamical emission probability is twice more sensitive to the target (N/Z) content with respect to the projectile one.
IV. COMPARISON WITH A STATISTICAL-EVAPORATIVE CODE
In order to verify that the procedure to calculate the probability associated to Dynamical emission is robust and not biased by any effects of equilibrated secondary decays simply related to the different N/Z content of the projectile-systems here investigated, we have performed calculations using the statistical-evaporative code, Gemini++ [30, 31] . We have It follows that the present analysis and our recent investigations [1-3, 7, 9, 10, 14] , trying to study fragment production in a large range of time scales, from fast-dynamical fragmentation of the dilute neck-region to the equilibrated de-excitation at normal nuclear density, and for the whole IMFs mass spectrum, represent useful constraints for reaction simulations [5, 16, 17, 28] . 
